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STRENGTH TESTS OF TEIN-MALL TRUNCATED COIJCJES I 
6 

By Eugene E.. L u n d q u t s t  a n d  Bvso H. S c h u e t t e  
! A  

I 

The e n d s  o f  t h i n - w s l l  t r i lnca- ted  c o n e s  o f  c i r cu1e . r  
s e c t i o n  were  clamped t o  r i g i d  bu?kheads  e n d  t he .  c o n e s  
s u b j e c t e d  t o  s t r e n g t h  t e s t s .  T%e r e s u l t s  f r o m  t o r s i o n  

' t e s t s  o f  f iv\?,comy,resE;ioa T e s t s  o f  t b r e e ,  and  t ' e s t s  i n  
c o s b i n e d  t r a n s v e r s e  sl=ear e n d  S e n d i u g  o f  1,8 t r u n c a t e d  
COiZes a r e  giver ,  h o r a f n .  The resul:s o f  t i le  t e s t s  a r e  
c o r r e l a t e d  wi th  t h e  p r e v l o u n l y  -pu'biished r e s a l t s  o f  c o r -  

I respondicg t e s t s  o f  c i r c u l a r  c r l i a d e r s  and  a r e  p r e s e n t e d  
i n  c h a r t s  suitaable f o r  u s e  iil d e s i g n .  

T3.e s t r e n g t h  of t h i n - w a l l  c y l i l i d e r s  has  been  :znf 5r 
i n v e s t i g a t i o n  by %:le h ra t iona l  Adv i so ry  C o m a i t t e e  f o r  A e r o-  
n a u t i c s  f o r  a number o f  .-eers.  P r e v i o u s  p a p e r s  have  g i v e n  
t h e  r e s u l t s  o f  v a r i 0 u . s  s:reng:h t e s t s  o f  t h i n - m a l l  c y l i n -  
d e r s  o f  c i r c u l a r  and  e l l i p t i c  s e c t  i o n ,  

' Because  s o ~ . o c o q t i e  Z u s e l a g e s  us?nal ly  hava  some t a p e r ,  
t e a t s  were  a l s o  x a d e  t o  deterrAine t h e  s t r e n g t h  o f  tQin-  
mall t r - Jnca tec i  c o n e s  o f  c i r c u l a r  s e c t i o ' n  i n  t o r s i o n ,  com- 
p r e s s i o n ,  a n d  combined t r a n s v e r s e  s h e a r  acd bend ing .  A 
p r e l i m t n a r y  s m m a r y  o f  t h e  r e s u l t s  i s  givt in  i n  r e f e r e n c e  1. 
The p r e s c n t  r e p o r t  g i v e s  t h e s e  d a t a  i n  f u r t h e r  d e t a i l  a n d  
wi th  g r e a t e r  a t t e c t i o n  t o  t h a  c o n c l u s i o n s .  

t 
I 

fl 
The 17s-T a l u a i u u m  a l l o y  used i n  t h e s o  t e s t s  w a s  ob- 

i ; 
i 
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% a i n c d  i n  s h e e t  f o r a  w i t h  norniiial t h i c k n a s s e s  o f  0 .011,  
0.016, and  0.022 inch.  The p r o p e r t i e s  o f  t h i s  m a t e r i a l  
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as  d e t e r m i n e d  by t h e  Piat’ional Bureau  of S t a n d a r d s  from 
s p e c i a e n s  s e l e c t e d  a t  random a r e  g i v e n  i n  r e f e r e n c e  2. 
Because all t h e  t e s t  c o n e s  f a i l e d  37 e l a s t i c  b u c k l i n g  of 
t h e  w a l l s  a t  s t r e s s e s  c o n ~ i d a r a b l y  below t h e  y i e l d - p o i n t  
s t r e s s ,  t h e  modulus  o f  e l a s t i c i t y  E ,  wh ich  was s u b s t a n-  
t i a l l y  c o n s t a n t  f o r  a l l  s h e e t  t h i c k n e s s e s ,  i s  t h e  o n l y  
p r o p e r t y  o f  t h e  m a t e r i a l  t h a t  need  be c o n s i d e r e d .  $ o r  
a l l  s h e e t -m a t e r i a l  u s e d  i n  t h e s e  t e s t s ,  a n  a v e r a g e  v a l u e  I 

f o r  E 
t he  a n a l y s t 6  of t h e  r e s u l t s ,  

o f  10.4 X lo6 pounds  p e r  s q u a r e  i n c h  was used i n  

The t e s t  spec imens  were  t r u n c a t e d  c o n e s  7 . 5  i n c h e s  
l o n g  w i t h  end r a d i i  of 6 .0  and  ‘7.5 i n c h e s .  ( S e e  f i g .  1.) 
The t a p e r  o f  t h e  c o n e s  W B S  s e l e c t e d  t o  a g r e e  rougllily w i t h  
t h e  t a p e r  o f  a monocoyue f u s e l a g e .  The c o n e s  were con- 
s t r u c t e d  i n  t h e  f olloi,v.inz;. manner: I n  a f u m i n u n - a l l o y  s h e e t  
was f i r s t  c u t  t o  t h e  d i m e n s i o n s  o f  t h e  d e v e l o p e d  s u r f a c e .  
The s h e e t  was t h e n  wraFpcd s b o u t  and c l a q e d  t o  end bulk- 
heads .  When t h e  t r u n c a t e d  cone  v a s  t h u s  a s s e m b l e d ,  a 
b u t t  s t r a p  1 i n c h  a i d e  and o f  t h e  same t h i c k n e s s  a s  t h e  
s h e e t  was f i t t e d ,  d r i l l e d ,  aGd b o l t e d  ii i  p l a c e  t o  c l o s e  
t h e  seam. I n  t h e  a s sem5ly  o f  t h e  spec imen ,  care was t a k e n  
t o  a v o i d  h a v i n g  e i t h e r  a l o o s e n e s s  of t h e  s k i n  o r  w r i n k l e s  
i n  t h e  walls  when f i n a l l y  c o n s t r u c t e d .  

Each of t h e  end  B u l k h e a d s ,  t o  which t h e  l o a d s  were  
a v p l i e d ,  was c o n s t r u c t e d  o f  two s t e e l  p l a t e s  $ i n c h  , t h i c k ,  
s e p a r a t e d  by a plywood c o r e  1-& i n c h e s  t h i c k .  
were b o l t e d  t o g e t h e r  a n d  t u r n e d  t o  t h e  s g e c i f i e d  o u t s i d e  
d i a m e t e r .  S t e e l  bands  a p p r o x i m a t e l y  % i n c h  t h i c k  and  m a-  
c h i n e d  t o  t h e  same d i a m e t e r  a s  t h s  bu.lkhends wa re  u s e d * t o  
clamp t h e  a luminum- al loy  s h e s t  t o  tni; b u l k h e a d s .  I n  o r -  
d e r  t o  k e e p  t h e  b a n d s  f rom s l i d i n g  p a r a l l e l .  t o  t h e  a x i s  
o f  t h e  c o n e ,  a t o n g u e  and  g r o o v e  w a s  . p rov ided  be tween  t h e  
bu lkhead  and  t h e  band.  

’ 
These p a r t s  

APTBRATUS AMI) ICETlIOD 
i. 

a The t h i c k n e s s  o f  e a c h  s h e e t  was measured  t o  a n  e s t i -  
n a t e d  p r e c i s i o n  o f  *O.OOO;d i n c h  a t  a l a r g e  number o f  s ta-  1 

t i o n s  by a d i a l  & a g e  ir.onntea i n  8 s p e c i a l  jig. I n  g e n e r a l ,  
t h e  v a r i a t i o n  i n  t h i c k n e s s  t h r o u g h o u t  8 given s h e e t  wag 
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no t  more t h a n  2 percesLt of t h e  a v e r a g e  t h i c k n e s s .  The 
a v e r a g e  t h i c k n e s s e s  of t h e  s h e e t s  were u s e d  i n  all c a l c u-  
l a t i o n s  o f  r a d i u s - t h i c k n e s s  r a t i o  and  s t r e s s .  

t h e  same a p p a r a t u s  a.s t h a t  u s e d  i n  t h e  c o r r e s p o n d i n g  t e s t s  
of c i r c u l a r  c y l i n d e r s .  
t h e  a p p a r a t u s  u s e d  i n  t h e  t o r s i o n ,  c o m p r e s s i o n ,  and com- 
b i n e d  t r a n s v e r s e  s h e a r  and  b e n d i n g  t e s t s  a r e  g i v e n  in ref- " 

e r e n c e s  2 ,  a,  and 4 ,  r e s p e c t i v e l y .  

1x1 a11 cRses  l o a d s  were a p p l i e d  i n  i n c r e m e n t s  o f  1 

The l o a d s  w e r e . a p p l i e d  t o  t h e  t r u n c a t e d  c o n e s  w i t h  

D e s c r i p t i o n s  and  p h o t o g r a p h s  o f  
3 
A 

. p e r c e n t  o f  t h e  e s t i m a t e d  l o a d  a t  f a i l u r e .  
i' 
i 

I: 
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, 
From t h e  p h o t o g r a p h s  o f  f i g u r e s  2, 3 $  and  4 ,  i t  w i l l  

be n o t e d  t h a t  f a i l l i r e  always o c c u r s  o v e r  a l a r g e  a r e a  of. 
t h e  c o n e  wal l  and  n o t  a t  some p a r t i c u l a r  s t a t i o =  be tween  
b u l k h e a d s .  Tile syinbols  a p p e a r i n g ; . i n  f i g u r e  4 w i l l  be de- 
f i n e &  l a t e r  i n  t h i s  r e p o r t .  Tlie p r o p e r t i e s  of t h e  cone  
and h e n c e  t h e  computed- s t r e s s e s  f o r  any l o a d i n g  c o n d i t i o n  
v a r y  f r o m  p o i n t  t o  p o i n t  a l o n g  t h e  cone .  T h u s ,  i n  t h e  
p r e s e n t a t i o n  of t h e  t e s t  r e s u l t s  f o r  e a c h  o f  t h e  l o a d i n g  
c o n d i t i o n s  co i l s idered- ,  a c u r v e  i s  drawn t h a t  d e s c r i b e s  t h e  
s t r e s s  condi t io11  t h r o u g h o u t  t h e  f u l l  l e n g t h  o f  t h e  t r u n -  
c a t e d  cone .  

i 

i 
i 

i 

I i 

i 
- 1  

E T o r s i o n  

The s h e a r  s t r e s s  a t  f a i l u r e  f, i n  t h e  ? i P n e  05 t h e  1 

s k i n  a t  a n 7  s t a t i o n  i s  assumed t o  b a  g i v e n  by t h e  f o r m u l a  
.. I 

i 

(1) 
T 3-- 

2TTr t 
f s  = -I 

' i  

" E  
1 
I 

i 
I 

where "I 

T a p p l i e d  t o r q u e  a t  f a i l u r e  

r r ad ius  a t  t h e  pa , r t  i c u l a r  st,a t i o n  

t t h i c k n e s s  

1 

i 
I A t  t h e  l a r g e  end o f  t h e  c o n e ,  where  t h e  r a d i u s  i s  I;. , . Than,  i t  f o l l o w s  f s l  t h e  v a l u e  OS f, i s  d e s i g n a t e d  

f r o m  e q u a t i o n  (1) t h a t  

i 
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R e s u l t s  of  t h e  t o r s i o n  t e s t s  a r e  p r e s e n t a d .  i n  f i g u r e  

3 5, which  i s  t h e  same t y p e  o f  f i g u r e  as  t h a t  u s e d  by Donne11 
( r e f e r e i l c e  5) t o  p r e s e n t  t o r s i o n  d a t a  on c i r c u l a r  c y l i n d e r s .  
I n  t h i s  f i g u r e ,  p, i s  P o i s s o n ' s  r a t i o  f o r  t h e  m a t e r i a l .  
The da ta  f o r ' e a . c h  t r u n c a t e d  corre t e s t e d  a r e  r e p r e s e n t e d  by 
a s h o r t  l i n e  t h a t  d e s c r i b e s  t h e  v a r i a t i o n  of s t r e s s  a l o n g  * 

A 

C O W  ~ ~ @ ~ ~ a i n g  t o  e q ~ a t i o ~  (81,  t~he 3: 
t e n t s  o f  c i r c u l a r  c y l i n d e r s ,  t a k e n  f rom 

r e f e r e n c e  2, @.re a l s o  p l o t t e d  i n  f i g u r e  5. 

The l i n e s  r e p r e s e n t i n g  t h e  t r u n c a t e d  cones  i n  f i g u r e  
5 l i e  a c r o s s  t h e  band o f  p o i n t s  r e p r e s e n t i n g  t h e  c i r c u l a r  
c y l i n d e r s .  The e n d s  o f  t h e  l i n e s  marked w i t h  l a r g e  c i r -  
c l e s ,  r e p r e s e n t i n g  t h e  l a r g e  ends  o f  t h e  t r u n c a t e d  c o n e s t  
l i e  a p p r o x i m a t e l y  a l o z g  t h e  c u r v e  that  has been  recommended 
i n  r e f e r e n c e  5 f o r  d u s i g i l  of c i r c u l a r  c y l i n d e r s  . w i t h  clamped 
edges .  If t h e  t o r s i o n a l  s t r e n g t h  o f  a c i r c u l a r  c y l i n d e r  is 
assumed t o  be  e s t a b l i s h e d  by t h i s  cu.rve, t b e  s h e a r  s t r e s s  
a t  f a i l u r e  f s l  a t  t h e  l c r g e  end of a t r u n c a t e d  cone iri 
t o r s i o n  i s  equal t o  t h e  s h e a r  s t r e s s  a t  f a i l u r e  f o r  a c i r -  
c u l a r  c y l i n d e r  o f  t h i s  r a d i u s  and  o f  t h e  same l e n g t h  a s  
t h e  t r u n c a t e d  cone .  The sheor s t r e s s  a t  f a i l u r e  f o r  any  
o t h e r  s t a t i o n  a l o n g  t h e  l o n g t n  of  t h e  t r u n c a t e d  c o n s  i s  
t h e n  g i v e n  by e q u a t i o n  ( Z j .  

C o mp r e s s i o  n 
I 

The c o m p r e s s i v e  s t . r e s s  a t  f a i l u r e  f,, d i r e c t e L  a l o n g  
the c o n i c a l  s - a r f a c e ,  ,is assumed t o  'be g i v e n  by 

where P i s  t h e  a p p l i e d  c o m p r e s s i v e  l o a d  and  0: i s  t h e  

e l e m e n t s  o f  t h e  s u r f a c e .  A t  t h e  l a r g o  end of  t h e  cone 
where t h e  radius  i s  r l ,  t h e  v a l u e  o f  f c  be  d e s i g -  
n a t e d  fc , .  

, a n g l e  be tween  t h e  a x i s  o f  t h e  cone  and t h e  l o n g i t u d i n a l  

I t  t h e n  f o l l o w s  f r o m  e q u a t i o n  ?:y t h a t  
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R e s u l t s  of t h e  c o m n r e s s i o n  t e s t s  a r e  p r e s e n t e d  i n  
f i g u r e  6, which  i s  t h e  same 3ype  of f i g u r e .  as  t h a t  u s e d  
i n  r e f e r e n c e  3 t o  p rese : l t  c o m p r e s s i o n  data o n  c i r c u l a r  
c y l i n d e r s .  The da ta  foi.  s a c i  t r u n c a t e d  cone  t e s t e d  a r e  
r ep reseL i t ed  by a s h o r t  i 5 n e  t ha t  d e s c r i b e s  t h e  v a r i a t i o n .  
of s t r e s s  a l o n g  t h e  l e s g t h  of t h e  cone  a c c o r d i n g  t o  equa- 
t i o n  ( 4 ) .  The r e s n l t s  o f  c o m p r e s s i o n  t e s t s  o f  c i r c u l a r  
c y l i n d e r s ,  t a k e n  f r o m  r e f e r e n c e  3 ,  a r e  a l s o  p l o t t e d  i n  
f i g u r e  ti. 

The l i n e s  r e ;o resen t  j.ng t h e  t r c c c a ' c e d  c o n e s  i n  f i g u r e  
6 l i e  e s s e n t i a l l y  p a r a l l e l  t o  t h e  band of p o i n t s  r e p r e s e n t -  
i n g  t h e  c i r c u l a r  c y l i n d e r s .  C o n s e q u e n t l y ,  i f  t h e .  s t r e n g t h  
of t h e  t r u n c a t e d  cone  i s  t o  be c o r q u t e d ,  f o r  p u r p o s e s  of 
d e s i g n ,  o n  t h e  bas?s OS a n  e q u Z v a l e n t  c y l i n d e r ,  e i t h e r  end 
o f  t h e  t r u n c a t e d  cone  may be s e l e c t e d .  The a s s u m p t i o n  t h a t  
t h e  comnpressive s t r e s s  a t  fn i l . t ; r e  f c l  a t  t h e  l a r g e  end  
o f  a t r u n c a t a d  coiie i s  equal  t o  t h o  c o m p r e s s i v e  s$ress  a t  
f a i l u r e  f o r  a c i r c u l a r  c y l i n d a r  o f  t h i s  r a d i u s  a n d  t h e  same 
t h i c k n e s s  a s  t h e  wall of  t h e  $ r u n c a t e d  cone  i s ,  however ,  
somewhat c o n s e r v a t i v e .  The c o ~ ~ g r ~ s s i v s  s t r e s s  zt f a i l u r e  
f o r  zny  o t h e r  s t a t i o n  a i o n g  $?-&e l e n g t h  of t h e  cone  i s  g i v e n  
by e y u a t i o n  ( 4 ) .  

Combined 0 ? :Tansverse  Shea r  end  a e n d i n g  I 

The maximum b e n d i n g  s t r e s s  a t  f a i l u r e  f b  i n  t h e  
p l a n e  o f  t h e  s?:in a t  any  s t a t i o n  is assursed t o  be g i v e n  
by t h e  formula.  

( 5 )  

where 14 i s  t h e  a p p l i e d  noment a t  f a i i u r c  and  I .-is t h e  
molnent of i n e r t i a  o f  t h e  c r o s s  s e c t i o n  at any s t a t i o n ,  
n r  t .  The maximuvl shear  tress a t  f a i l u r e  f v  i n  t h e  
p l a n e  of t.he s k i n  a t  any  s t a t i o 2  i s  assumed t o  be given 
by t h e  formula 

3 

V I  ' e f f e c t i v e  s h e a r  a t  f a j . l u r e  ('P - ,yb)  
a ,  

I .  

;\ v a p 2 l i e d  t r a r i s v e r s e  shear 
kt t a n  c= V b  s b e a r  r e s i s t e d  b ~ i  band ing  s t r e s s e s  ----- 

r. 
E q u a t i o n s  (5 )  and ' ( t5)  a r e  d e r i v e &  in a p g e n d i x  A. .. 
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F o r  t h e  a n a l y s i s  and  t h e  p r e s e n t a t i o n  o f  da ta  on cornd 
b i n e d  t r a n s v e r s e  shear  and  b e n d i n g ,  a p a r a m e t e r  i s  d e s i r e d  
that  i s  d e s c r i p t i v e  of a d e f i n i t e  l o a d i n g  condi t io11  as  w e l l  
a s  a d e f i n i t e  s t r e s s  c o u d i t i o n  f o r  t h e  spec imen i n  t k e  same 
manner t h a t  t o r s i o n  o r  compres s ion  . i s  d e s c r i p t i v e  of d e f-  
i n i t e  l o a d i n g  and  s t r e s s  c o n d i t l o n s .  Such a para .meter  i s  
o b t a i n e d  i'f e q u a t i o n  ( 5 )  i s  d i v i d e d  by e q u a t i o n  (6). Thus 

s e c  a f b  - M 
f v  SV' 
-- I -- (7) 

M 
rV 

The t e r m  --- sec a i s ,  p h y s i c a l l y ,  t h e  d i s t a n c e  a l o n g  

a n  e l emen t  o f  t h e  cc)rie f r o m  t h e  s e c t i o n  u n d e r  i n v e s t i g a -  
t i o n  t o  t h e  p l a n e  p e r p e n d i c u l a r  t o  t h e  a x i s  o f  t h e  cone  
i n  which t h e  r e s u l t a n t  & e a r  f o r c e  ir a c t s ,  e x p r e s s e d  i n  
t e r m s  of t l ae  r ad ius  of  t h o  cone  a t  t h e  p l a n e  o f  t h i s  r e-  
s u l t a n t  s h e a r  f o r c e .  111 o r d e r  t o  show t h a t  t h i s  i n t e r p r e -  

t a t i o n  of _-_ s e c ' a  i s  c o r r e c t ,  r e f e r e n c e  may be made t o  

f i g u r e  7 .  A t  s t a t i o n  x ,  t h e  moment hi = V(h-x). From 

M 
r V '  

Id t a n  a t h e  d o f i n i t i o n s  t h a t  f o l l o v  e q u z t i o n  (61, VI = V - -------# 

r 
S u b s t i t u t i o i l  02 t h e s c  v n l u c s  f o r  3 and  V' i n  t h e  r i g h t -  
hand  s i d e  o f  eq .ua t ion  ( 7 )  g i v e s  

V(h-x) s e c  a 
I-- s e c  a = _----..---------- 
r V 1  r V  - V(h-x) t a n  a 

r - (h-x) t a n  a 
- 6  -- . - 

r0 

u 
I 

Id 
r V  I 

Thus,  a p a r t i c u l s r  v a l u e  o f  --- s e c  a i s  d e s c r i p t i v e  o f  

a d e f i n i t e  l o a d i n g  c o n d i t i o n  a s  v e i l  a s  o f  a d e f i n i t e  
s t r e s s  c o n d i t i o n .  I n  t h e  a n a l y s i s  o f  t h e  r e s u l t s  o f  t h e  
t e s t s ,  t h e  v a r i a t i o i l  o f  t h e  s t r a s s e s  at f a i l u r e  w i t h  

M --- s e c  i s  s t u d i e d .  
r V  

a r e  g i v e n  i n  f i g u r e  8 ,  which  is s imi lar  t o  t h e  f i g u r e  u s e d  
R e s u l t s  o f  t h e  t e s t s  i n  combined s h e a r  a n d  bend ing  



7 

of  

l e  ' 

0. 3 

used 

i n  r e f e r e n c e  4 t o  p r e s e n t  d a t a  f o r  t h i n - m a l l  c i r c u l a r  c y l-  
i n d e r s  iil combined t r a n s v e r s 5  s h e a r  and  b e n d i n g .  The da ta  

t h a t  d e s c r i b e s  t h e  v a r t a t i o n  o f  bend ing  s t r e s s  i n  t e r m s  o f  
t h e  I;..oduius of e l a s t i c i t 3  E a n d  t h e  r c l t i o  t / r  a l o n g  an 
e lement  of  t h e  cone .  An i n s p e c t i o i l  of t h i s  f i g u r e  and  o f  
t h e  p h o t o g r a p h s  o f  t h e  t y p e s  o f  f a i l u r e  (fig..4) r e v e a l s  
a t r a n s i t i o i i  f r o m  a s h e a r  t y p e  of f a i l z z r e  a t  small  v a l u e s  

' f o r  e a c h  t r u n c a t e d  corre t e s t e d  a r e  r e p r e s e n t e d  by a l i n e  

' ld' of .--- sec  a t o  a Bending t r p e  of f a i l u r e  a t  l a r g e  values 
r V !  

M 
r V t  

o f  --- s e c  a. I n  t h e  follosvi. i i .g d i s c u s s i o a  s e p a r a t e  con- 

s i d e r a t i o n  w i i l  be  g i v a n  bonding  f a . i l u r e ,  shoar f a i l u r e ,  
and t h 9  t r a n s i t i o n  f r o m  b e n d i n g  t o  s h e a r  f a i l u r e .  

Bending  f a i l u r e  ( l a r g e  v a i L e s  of 2, 11 s e c  a).- A t  
r r  

-------------1------_________1____11__1_-- 

l a r g e  v a l u e s  o f  ____ Evl s e c  a ,  f a i l u r e  o c c u r s  bx a sudden  
r V '  

c o l l a p s e  of t h e  ou te r ioos t  corripressioi: f i l e r s  i n  t h e  same 
manner a s  i n  t h e  g u r e - 5 e n d i n g  t e s t s  o f  c i r c u l a r  c y l i n d e r s  
T e p o r t e d  i n  r e f e r e n c e  6 .  I t  i s  t h e r e f o r e  r e z s o n a b l e  t o  
suppose  t h a t ,  a t  t h e s e  v a l u e s ,  t h e  b e n d i n g  s t r e n g t h  of  a 
t r u n c a t e d  cone s h o u l d  'oe c o i ~ ~ e r a 3 1 6  t o  t h e  s t r e n g t h  o f  8. 

c y i i n d e r  o f  Some s i m i l a r  d i m e n s i o n s  i n  p u r e  bending .  

P o r  compar i son  of t h e  p r e s e n t  r e s u l t s  w i t h  t h e  r e s u l t s  . 

of t h e  pu re- bend ink  t e s t s  of c i r c u l a r  c y l i n d e r s  r e p o r t e d  
i n  r e f e r e n c e  6 ,  l i n e s  a and  b h a v e  b e e n  drawn on f i g u r e  
8 r e p r e s e n t i n g  tz io  uppcs and  l o w c r  l i m i t s  o f  t h s  s t r e n g t h  
i n  p u r a  b e n d i n g  o f  c i r c u l a r  c y l i n c ? c r s .  Those l i m i t i n g  v a l -  
ues r e p r e s e n t  t h e  d i s p e r s i o n  o f  t l ie  r e s u l t s  o f  t h e  p u r e-  
bend ing  t e s t s  of c y l i n d e r s  an6  ws re  o b t a i n e d  from f i g u r e  5 

o f  r e f e r e n c e  6. Use o f  t h e  e x p r e s s i o n  f b  -- r a s  o r 2 i n a t e  

i n  f i g u r e  8 makes t h e  l o c a t i o n  of t h e  l i m i t i n g  l i n e s  a 
and b indeaender r t  of r/t,, p r o v i d e d  t h e  rnaximurn b e n d i n g  
s t r e s s  a t  f a i l u r e  i n  p n r e  b e n d i n g  i s  g i v e n  by a n  .cqua t . ion  
o f  t h e  t y p e  

33c 

. I  . .  

where k' is a c o e f f i c i e n t ,  t h e  v a r i a t i o n  of which  d e s c r i b e s  
t h e  s c a t t e r  o f  t e s t  da ta .  The l i n e s  a a n d  b i n  f i g u r e  8 
s imp ly  r e p r e s e n t  t n e  2 i m i t i n g .  v a l u e s  o f  t h i s  C o e f f i c i e n t .  



a 

E q u a t i o n  (11) may be c o n s i d e r e d  v a l i d  o v e r  t h e  s m a l l  r a n g e  
o f  v a l u e s  o f  r / t  r e p r e s e n t e d  by t h e  t r u n c a t e d  c o n e s  
t e s t e d .  Bence t h e  l i n e s  a and  b should r e p r e s e n t  r e a -  
s o n a b l y  w e l l  t h e  c o n d i t i o n s  f o r  b e n d i n g  f a i l u r e  o v e r  t h e  
f u l l  l e n g t h  of a t r u n c a t e d  cone .  The c o 5 d i t i o n  o f  pure  
bend ing  f o r  a t r u n c a t e d  c o n s  i s ,  f 5 o m  c o n s i d e r a t i o n s  o f  .̂  ..,- -..-.--* y - a .~ --- ' t r a n s v e r s e  s h e a x  

3 a-oex o e c-E%e. F i g u r e  8 s m w s  
tfiat th Q t e s t  r e s u l t s  r e p r e s e n t e d  by t h o  b e n d i n g- s t r e s s  
diagrams lis between  l i n e s  a and  b a t  l a r g e  values o f '  

-y--L----- 

-- Id s e c  a. 
r V 1  

Shea r  f a i l u r e  ( s m a l l  v a l u e s  o f  -!&- s e c  a).-  A t  .. . r V  
-------l-l-ll-l--ll-_c.--LLI------------------l- 

small v a l u e s  of  -?:- s z c  a, f a i l u r e  o c c u r s  i n  s h e a r  by 

t h a  f o r m a t i o n  o f  d i a g o n n l  shear w r i n k l e s  on t h e  s i d e s  o f  . 
the  c o n e s .  ( S e e  f i g .  4 . )  f;t i s  t h e r e f o r e  r e a s o n a b l e  t o  
s u p p o s s  t h a t ,  a t  t h e s e  v a l u e s ,  t h s  s h e a r  s t r s n g t h  o f  a 
t h i n - w a l l  t r u n c a t e d  cone should  'oe c l o s e l y  r e l a t e d  t o  t he  
s t r e n g t h  o f  a t r u n c a t e d  cone o f  t h e  same d i h e n s i o n s  i n  
t o r s i o n  ( p u r e  s h e a r ) .  

r V '  

For compar i son  w i t h  t h e  r e s u l t s  o f  t h e  t o r s i o n  ' t e s t i  
i n c l u d e d  i n  t h e  p r e s e n t  p a T e r o  l i n e s  c and  d h a v e  been  

, drawn i n  f i g u r e  8 r e p y a s e n t i f i g  t h e  s t r e n g t h  i n  p u r e  s l i ea r  
f o r  t h e  s m a l l  and  f o r  t h e  l a r g e  ends  o f  a c o n e ,  r e s p e c-  
t i v e l y .  These  l i n e s  were o b t a i n e d  by p l o t t i n g  t h e  e q u a t i o n  

E q u a t i o n  ( 1 2 )  i s  ob ta ixed .  f r o m  e q u a t i o n  ( 7 )  by t r a n s - .  
s 

and s u b s t i t u t i n g  S s  ii t '  -posing t e r m s ,  m u l t i p l y i n g  by 

f o r  f v ,  where S s  i s  t h e  s h e a r  s t r e s s  a t  f a i l u r e  f o r  a 

l i i l e s  c and  d i n  f i g u r e  8 r e p r e s e n t  t h e  v a l u e s  o f  -% 2 E t  
d e t e r m i n e d  f r o m  f i g u r e  5 f o r  t h e  t w o  ends  o f  t h e  t r u n c a t e d  
c o n e s  o f  t h e  same t h i c k n e s s  a s  t h e  c o n e s  t e s t e d  i n  combined 
t r a n s v e r s e  s h e a r  a n d ' b e n d i n g .  

' t r u n c a t e d  Coile of  t h e  same d i m e n s i o n s  i n  t o r s i o n .  The 

F o r  l o w  v a l u e s  o f  --a- s e e  a, t h e  b e n d i n g - s t r e s s  d i -  
r V '  

agrams l i e  above  l i n e s  c and d ,  Th i s  f a c t  i n d i c a t e s  
t h a t  t h e  t r a u s v e r s e  s h e a r  s t r e s s  on t h e  n e u t r a l  a x i s  a t  
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f a i l u r e  i s  h i g h e r  t h e n  t h e  s h e a r  stress a t  f a i l u r e  i n  t o r -  
s i o n .  The r e l a t i o n  d .e te rmined  f o r  c i r c u l a r  c y l i n d e r s  i n  
combined t r a n s v e r s e  s h e a r  and  b e n d i n g  ( r e f e r e n c e  4)  c a n  be 
u s e d  t o  t a g e  acco'unt of t h i s  d i f f e r e n c e .  3 f  Sv i s  t h e  
s h e a r  s k r e g q  on t h e  n e u t r a l  a x i s  a t  f a i l u r e  i n  p u r e  t r a n s -  
v e r s e  s h e a r  a n d  S s  i s  t h e  shear s t r a s s  a t  f a i l u r e  f o r  a 
con0 o f  t h e  same d i m e n s i o n s  i n  t o r s i o n ,  SV and  S s  mzy 
be r e l a t e d  b y ' t h e  a p p r o x i m a t e  e q u a t i o n  

v a l u e s  of -1' s e e  a).- Z'iguras 4 and  8 r e v e a l  tha t  the  

t r a n s i t i o n  f rom shear t o  b a n d i n g  f a i l u r s  i s  n o t  s o  abru-pt 
a s  t h e  i n t e r s e c t i o n s  of  L i n e s  a 'u7ith e and  b with d 

i n d i c a t e .  A t  t h o  i n t z r m o d i a t e  v a l u e s  of --_ s c c  a ,  t h e  

t r a n s i t i o n  f rom f a i l u r e  by shear  t o  f a i l u r e  by b e n d i n g  i s  
accompanied by a r e d u c t i o n  i n  s t r e n g t h  t h a t  i s  of t h e  same 
o r d e r  of magn i tude  a s  t h e  c o r r e s p o n d i n g  r e d u c t  i o n  f o r  t h i n -  
mal l  c y l i n d e r s  i n  combined t r a n s v e r s e  s h e a r  and  bending .  
(See  r e f e r e n c e  4 . )  An a n a l y s i s  s i u i l ~ r  t o  tha t  u s e d  f o r  
t h i n - w a l l  c g - l i i l d e r s  r e v e a l  s t h a t  t h e  d e s i g n  c h a r t  - o r e s e n t e d  
i n  f i g u r e  8 of r e f e r e n c e  4 a l s o  a p p l i e s  t o  t h i n - w a l l  t r u n-  
c a t e d  toiles i n  corn3ined t r a n s v e r s e  shear  and  beEdin& i f  

s e e  a. T h i s  d e s i g n  c h a r t  i s  p re -  
XTf r V 1  
s e n t e d  i - n  f i g u r e  9 of  t h e  p r G s c n t  r e p o r t .  

r V r  ------.------ ___-, -, 

M 
r V '  

h1 -- I' i s  r e p l a c e d  by --- 

I n  f i g u r e  8 t h e  t w o  l i n e s  e and  f were o b t a i n e d  

f r o m  f i g u r e  9 ,  i n  one c a s e  t h e  v a l u e  of -_ c o r r e S p o n d i n g  
S V  

t o  l i n e s  a axid c b e t i i s  u.sed a.nd i n  t h e  o t h e r  c a s e  t h e  

v a l u e  of sb c o r r e s p o n d i n g  t o  l i n e s  b ar,d d.  I n s p e c -  

t i o n  o f  t h e  f i g u r e  i n d i c a t e s  t h a t  t h e s e  t w o  c u r v e s  r e p r e -  
s e n t  r e a s o n a b l y  w e l l  t h e  l i m i t s  o f  t h e  e x p o r i m e n t a l  da ta  
p l g t t e d .  

SV 

In o r d e r  t o  u s e  t h e  curvtts of f i g u , r e  9 i n  d e s i g n ,  i t  
M 
rV1 ' i s  n c c c s s a r g  t o  know tlza l o a d i n g  c o r d i t i o n  --- sec a and 

t o  'be a b l e  t o  p r e d i c t  t h e  v a l u e s  o f  Sv and Sb f o r  t h e  

. .. . 
- . .  . - .. 



cone .  The v a l u e  o f  s e c  a i s  e s t a b l i s h e d  by t h e  d i -  

mensionk o f  t h e  t r n n c a t e d  c o i e  and t h e  e x t e r n a l  l o a d s .  
The a l l o v a b l e  s t r e a s  i n  t r a n s v e r s e  s h e a r  Sv depends  upon 
t h e  allowable s t r e s s  i n  t o r s i o n ,  t ha t  i s ,  p u r e  s h e a r ,  ac-  
c o r d i n g  t o  e q u a t i o n  ( 1 3 ) .  I n  t h e  a b s e n c e  o f  t e s t  da ta  on 
t h e  s t r e n g t h  of truncated c o n e s  i n  p u r e  b e n d i n g ,  t h e  v a l u e  

) o f  Sb ' io  be  u s e d  skould. b e  b s s e d  upon t e s t  d a t a  f o r  t h i n -  
wall .  c y l i n d e r s  of  c o ~ p a r a ' o l e  r / t  r a t i o  i n  p u r e  b e n d i n g .  
Such d a t a  a r e  c o n t a i r , e d  i n  r e f e r e n c e  6 ,  These  d a t a  s c a t -  
t e r  w i d e l y  and  some judgment rilust t h e r e f o r e  b e  e x e r c i s e d  
i n  t h e  s e l e c t i o n  o f  a vr l iue  f o r  Sb. 

r V 1  

. I f  t h e  t 3 r e e  q u z n t i t i e s  -1L s e c  a, Sv ,  a n d  Sb a r e  

known, t h e  maximun a l l o n a b l e  inoment o r  t h e  bend ing  s t r e s s  
o n  t h e  ex t r eme  f i b e r  C R J  be r e n d  f r o m  t h e  c h a r t  of f i g u r e  
9 a s  a p e r c e n t a g e  o f  t h e . v e l i l e  f o r  p u r e  b e n d i n g .  The 
s t r e c g t h  i n  s h e a r ,  t h e n ,  need n o t  5 e  i n v e s t i g a t e d  b e c a u s e  
i t s  e f f e c t  bas beei t a k e s  i i l t o  accou;;t by a r e d u c e d  bend- 
i n g  s t r e n g t h .  

r V 1  

Vken t h e  s t r e n g t h  o f  an; s e c t i o n  butweeii a d j a c e n t  
' b u l k h e a d s  i s  t o  b e  c h a c k e d ,  L ~ G  l a r g e s t '  a b s o l u t e  v a l u e  of  
-- '' s e c  a s h o u l d  be i l sed  t o  e n t e r  t h e  c h a r t  o f  f i g u r e  9 
r V  ' 
whenever  s e c  CI l i e s  be tween  - c s c  a and  +m. F o r  . 

e s t  a b s o l u t e  v a l u e  shou ld  b e  u s e d ,  T h i s  p r o c e d u r e  g i v e s  
c o n s e r v a t i v e  v a l u e s . a n d  nay be  v e r i f i e d  € r o m  a p p e n d i x  B. 

C O X C L U  SI onfs s 

J 

The strength o f  th in- -walk  t r u n c a t e d  cones  rcay b e  corn- 
pinted by  t h e  f o r r m i E s  u s e d  f o r  t h i n - w a l l  c y l i n d e r s ,  i f  
p r o p c r  a c c o u n t  i s  taken o f  t h e  a n g l e  a be tween  t h e  e l e -  
ments  a s d  t h e  a x i s  of  t h e  cone .  F o r  c y l i n d e r s ,  CT = 0.. 

I n  t h e  t e s t s  r e p o r t e d  h e r e i n ,  ct = t a n  -lw ThB fo l . l ow-  
iag c o n c l u s i o n s  may t h e r e f o r e  be c o n s i d e r e d  v a l i d  p r o v i d e d  
tha t  a d o e s  n o t  exceed  t an - ' (Z ) :  _ _  1 

gprsionL- P o r  t o r s i o n ,  t h e  shear s t r e s s  fs i n  the 
p l a n e  of t.he s k i n  a t  any  s t a t i o n  i s  g i v e n  k y  the. f o r n u l a  
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T a p p l i e d  torque 

r r a d i u s  a t  t h e  pc7r t icv . la r  s t a t i o n  

t t h i c k n e s s  

The s'rear s t r e s s  a t  f z i l x r e  f, at t h e  l a r g e  end o f  a 
t r u n c a t e &  cone  5.n t o r s i o n  i s  equal t o  t h e  s h e a r  s t r e s s  a t  

. f a i l u r e  f o r  a c i r c u l a r  c y l i n d e r  of t h i s  r a d i u s  srrd t b e  . 
sarae l e n g t h  a s  t h e  t r u n c a t e d  cone .  The s h e m  s t r e s s  a t  
failure f o r  a.ag o t h o r  stat! .on a l o n g  t-ke l e n g t h  o f  t h e  
t r u n c a t e d  cone i s  g i v e n  5 y  t h e  f o r m l a ,  

1 .  

I 

where rl i s  t h e  r a a i u s  a t  t h e  l a r g e  end of the  cone.. 

f, - _. ---- P S<?C a 
2nrt 

where P i s  t h e  a-ppl.led c o n y r o s s i v e  l o s d .  The c o n ~ r c s -  
s i v e  s t r e s s  a t  failure' f a t  t h e  l c r g e  end of a t r u n -  
c a t e d  c o n e  is e q c a l  t o  t h e  c o m p r e s s i v e  s t r e s s  a t  f a i l u r e  
f o r  a c i r c u . l a r  c g l i n d e r  or" t h i s  radi-Js a n d  of t h e  same 
t h i c k n e s s  a s  t h e  w a l l  of t i ie  t r u n c a t e d  cone .  The compres-  
s i v e  s t r e s s  r;t P a i l u r e  f ~ i -  any  o t h e r  s t a t t o n  a l o n g  t h e  
icngth of  t h e  c o n e  i s  g i v e n  by t h e  forulu'la 

21 

r 
.f,' = fCl -- 

QGEbined t r a ~ S e Q E ~ ~ - - S ~ B ~ T I B n 4 , b ~ n u ~ ~ ~ ~ - ~  If t h e  bcnd- 
i n g  s t r e s s e s  are assiimcd t o  a c t  i n  t h e  d i r G c t i o n  of  t h e  
e l e m e n t s ,  a p o r t i o n  of t h e  t r a n s v e r s e  s h e a r  'V i s  r e s i s t e d  
by t h e  bei lding s t r e s s s s .  A momeilt M o n  a t r u n c a t e d  cone  
o f  c i r c u l a r  c r o s s  s s c t i o n ' r e d u c e s  t h e  s l+ea r  bg,an amonnt ' 
Vb whBre .. I, 
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I n  combined t r a n s v e r s e  s h e a r  and  b e n d i n g ,  t h e  e f f e c t i v e  
s h e a r  V I  i s ,  t h e r e ' f o r e ,  

I V '  = v -  V b  

The e f f e c t i v e  t r a n s v e r s e  s h e a r  c a u s e s  a s h e a r  s t r e s s  f v  
. i n  t h e  p l a n e  o f  t h e  s k i n  a t  t h e  n e u t r a l  a x i s  t h a t  is g i v e n  

by t h e  fo rmula _ ,  
L 

The b s n d i n g  s t r e s s  f b  i n  t h e  -pla,ne of t h e  ski;?. a t  any  
s t a t i o n  i s  g i v e n  by t h e  f o r r i m l a  

s e c  cd - M  
fb - -'-- nrn  t 

F o r  l a r g e  v a l u e s  OS" --E-- s ~ c  a ,  f a i l u r e  o c c u r s  i n  
rV' 

bonding .  F o r  small vrLllj,es o f  -%- s e c  a ,  f a i l u r s  o c c u r s  

i n  shcnr .  Y o r  i n t e r m ~ d l a t ~  va . lucs  o f  _-- s a c  CI, the 

f a i l i l r e  i s  a c o m b i n a t i o n  of s h e a r  artd b e n d i n g .  The a l low-  

g i v e n  by' a d e s i g n  c h a r t  s i m i l a r  t o  t h a t  p r e v i o u s l y  ~ u b -  

rV 
h4 

r V '  

& a b l e  s t r e n g l k  i n  cornbir-ed t r a ~ s v e r s e  s h e a r  and  bend ing  i s  

l i s h e d  f o r  t h i n - w a l l  c i r c u l a r  c y l i n d e r s .  . .  

Langley  Iviernorial A e r p n a u t i c a l  Labora t  ot ' y ,  
N a t i o n a l  Adv i so ry  Con?ruZttee f o r  A e r o n a u t i c s ,  

Langley  F i e l d ,  V a .  

APPEiUIIX B 

The r e l a t i o n s  be tween  t h e  i n t e r n a l  s t r e s s  and  t h e  ~ p -  
p l i e d  f o r c e s  i n  a t a p e r s d  beam a r e  s l i g h t l y  d i f f e r e n t  f r o m  
t h e  c o r r e s p o n d i n g  r e l a t i o n s  f o r  a u n i f o r m  beam. I n  t h i s  
a p p e n d i x ,  formi-xlas f o r  t h e  b e n d i n g  and  s h e a r i n g  s t r e s s e s  
due t o  t h e  a p p l i c a t i o n  of a s i n g l e  t r a n s v e r s e  f o r c e  on a 
h o l l o t v  c i r c u l a r  cone  a r e  d e r i v e d .  
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E i g u r e  10 'shows a t r u n c a t e d  cone  o f  c o n s t a n t  w a l l  
t h i c k n e s s  w i t h  t h e  l a r g e  end f i x e d  i n  g o s i t i o n  and  wi th  a 
t r a n s v e r s e  f o r c e  V a p p l i e d  a t  t h e  s m a l l  end.  A t  any  
t y p i c a l  s t a t i o n ,  t h e  mean radius  o f  t h e  cone  i s  r .  

' The a s s u m p t i o n s  a r e :  

1. 3 e n d i n g  s t r e s s e s '  are d l r e z t e d  a l o n g  t h e  s u r f a c e  
o f  the cone toward t h e  apex 

I 
I 
! 

' en  - 1  1 
-i i 

! 

I 

! 

1 

I 

L- s 

OW- 

i s  

4. 

ap  -' 
r o m  
S .  

IS 
a 

2. Bending s t r e s s e s  f ire  y r o p o r t i o n a l  t o  t h e  distance 
f r o m  t h e  n e u t r a l  a x i s ,  as iu t h e  o r d i n a r y  t h e-  
o r y  o f  bend ing  

3 .  Shea r  s t r e s s e s  a r e  d i r e c t e d  p a r a l l e . 1  t o  t h e  sur- 
f a c e  o f  t h e  coile 

%n&&Gg-sttrgggos,- An elelrierit o f  a r e a  o f  t h e  ' c r o s s  
s e c t i o n  r t  d.8 l o c a t e d  et an a n g l b  B measured  f r o m  t h e  
n e u t r a l  a x i s p  a s  shot-rn t r l  f i g u r e  1.0, i s  coi ls id .ered.  By 
a s s u m y t i o n  2 >  t h a  s t r o s s  on ths s l c i r e n l  i s  f b  s i n  8 ,  
where f b  i s  t h e  s t r e s s  o n  t h e  ex t r eme  f i b e r .  Tke f o r c e  
dF 011 this elemelit  i s ,  t h s r s r o r e ,  

dF = ( f -b  siil 6 ) )  r t  d e  ( A I )  

The moment o f  dS a b o u t  t h e  n e u t r a l  a x i s  i s  

d M  = ( C O B  a ) ( r  sin q)(fb s i n  9 )  r t  d e  

The t o t a l  moment 14: is o b t a i n e d  by i n t e g r a t i o n  a r o u n d  
t h e  c i r c u m f e r e n c e  o f  t h e  cone.  Thus, ' 

(A21 

?? 

= f b n r  t c o s  CL 

!T%:s, t h e  'ueading s t r e s s  9 b  itt the ex t r eme  f i 'oer  ir, t e r m s  
o f  t h e  a p p l i e d  bend ing  moment IVL :B 

where I is t h e  morGen'c o f  i n e r t i a  o f  t h e  c r o s s  s e c t i o n  
a t  ' 8 . a ~  st  a t  ison a n d  e q u a l  8 T T ~ '  t e 



Shear  s t r e s _ s _ g s -  From t h e  a s sun lp t ion  t h a t  t h e  bend- 
i n g  s t r e s s e s  a r e  d i r e c t e d  a . lQug  t h e  surr"ace o f  t h e  cone 
t o w e r d  t h e  a g e x ,  i t  f o l l o w s  t h a t  t h s  b z n d i n g  s t r e s s e s  
have  a component is t h e  d i r e c t i o n  o f  t h e  s h e a r  f o r c e  V. 
This  component r e s i s t s  a p a r t  o f  t h e  shea r  f o r c e  V a-nd 
t h e r e f o r e  r e d u c e s  t h e  s h z a r  strressus. 

The shaar f o r c e  r a s i s t ~ d  by % h a  bend ing  f o r c o  dF 
in an a l cmcn t  of tlic con0 is 

dVb = ( s i n  a s i n  0 )  dF 

= ( s i n  CI s i n  e)(fb s i n  Q )  r t  d 9 (4-5 ) 
I 

The t o t a l  shear  r e s i s t e d  by t h e  b e n d i n g  s t r e s s e s  i s  ob- 
t a i n e d  by i n t e g r a t  i c n  a r o u n d  t h e  c i r c u m f e r e a c e  of the 
coiie. Thus ,  

Vb = f b  r t  s i n  a 

= f b  ~ ~ r t  siiil G: 

L- 

t 

S u b s t i t n t , i o n  of t h e  v a l a e  o f  f b  f r o l s  e q u a t i o n  (84)  i n  ! 

e q u a t i o n  ( A 6 )  g i v e s  

The e f f e c t i v e  s h e a r  V' t h a t  c a u s e s  s h e e r  s t r e s s e s  i n  
t h e  w a l l s  of  t h e  c o n e  i s  t h e r e f o r e  t h e  t o t a l  a n p l i e d  
s h e a r  V minus t h e  shear  r e s i s t e d  by t h e  bend ing  s t r e s s e s  
Vs;  tha t  i s ,  

I f '  = v - vb ( A 8 1  

I n  o r d e r  t o  d e t e r m i n e  t h e  s h e a r  s t r e s s e s  i n  a c o n e ,  
t h e  p a r t  e l emen t  o f  cl cone  shown i n  f i ; ; a re  11 i s  c o n s i d -  
e r e d .  
a t  s t a t i o n  x ,  

The ,x-coniponents o f  t h e  f o r c e s  due t o  S e z d i n g  a r e ,  

l-r 1 2  

a n d ,  a t  s t a t i o n  x + d x ,  
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The maximum s h e a r  s t r e s s  f v ,  which  o c c u r s  a t  t h e  n e u t r a l  &xi{ 

APP'EXDIX B 

EFFECT OF VABIATION 1% TEE POIBT OF APPLICATION OF 

THE SHBAB FORCE ON TXE BEB'D'LXG STRESSPS 1 N . A  COi?E 

B.e i ld ing-s t ress  d i ag rams  f o r  c o n e s  i n  combined t r a n s -  

M 
r V 1  

v e r s e  shea.r and  b e a d i n g  f o r  which t h e  v a l u e  o f  --- s e c  c1 

i s  p o s i t i v e  a r e  showa; i-.- f i g i l r o  8. 
and  e q u a t i o n  {lG) s h o m s ,  howex.rer, t h a t  t h e  qu .an t i ty  

rv t  sec  ~1 c a n  a l s o  h a v e  n e g a t i v e  v a l u e s .  i n e s e  n e g a t i v e  
v a l u e s  occur  when t h e  r e s c l t a ; ? :  s h e a r  f o r c e  V i s  l o c a t e d  
e i t h e r  t o  t h e  r i g h t  of .Lhe a p e x  o f  t h e  c o n e  ( n e g a t i v e  ro )  
o r  t o  t h e  l e f t  o f  s t a t i 9 n  x, t h e  s e c t i o n  a t  which bend- 
i n g  s t r e s s  i s  d e t e r m i n e d  ( n e g a t i v e  

A d i a g r a m  s imi lar  t o  that  of f i g c r e  8 but i n c l u d i n g  

Rieferi?iF->e t o  f i g u r e  7 

M ..-, 
-I 

s). 

A few h y p o t h e t i c a l  b e n d i n g - s t r e s s  d i a g r a m s  f o r  c o n e s  o f ,  
t h e  t y p e  s t u d i e d  i n  t h i s  g a p e r  a r e  p l o t t e d  i n  f i g u r e  12 
t o  i n d i c a t e  t b a i r  shapes .  The boundary  l i r . o s  c o r r e s p o n d  
t o  t h e  t w o  l i n e s .  e a n d  f used i n  f l g u r o  8 t o  r e p r e s e n t  
t h e  s c a t t e r  o f  t e s t  da'ca. 

T h r e e  d i s t i n c t  r e g i o n s  c a n  be d e f i n e d  i n  f i g u r e  12 .  

I6 
r V 1  

The r e g i o n  i a  which  --- s e c  01 v a r i e s  f r o m  0 t o  3-cr, 

i s  t h e  same a s  t h a t  shown i n  f i g u r e  8 and  c o r r e s p o n d s  t o  
a v a r i a t i o n  i n  the  l o c n t i o a  o f  t h e  r e s u l t a n t  shear f o r c e  
f rom s t a t i o n  x t o  t h e  a p e x  of  t h e  cone .  A s  t h e  s h e a r  
f o r c e  moves f r o m  t h e  a p e x  out t o  i n f i i l i t y  o n  t h e  r i g h t ,  
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818) 

ins- 

3c a 

r e  7 

t i v e  
c a t e d  

end- 
TO) 

i n g  

12. 

of  
12 r 

ond 
e s e n t  

12. 

'cd ' 

1 t o  
i r c e  
jar 

IC # 

I 
t 

1 
I 
i 
i 
i 

a .  
i 

b '  
I 

-- '' s e c  c1 v a r i e s  f r o m  = w  t o  a v a i u e  o f  - c s c  ci ( i n  
rV 
t h i s  c a a e ,  - 5.1) and. d e , f i n e s  t h e  l e f t - h a n d  r e g i o n  o f  figure 
18, i n  srhich t h e  b e n d i n g  s t r e s s e s  a r e  s h o r n  a s  ~ o s i t i v e .  ' 
A s  t h e  s h e a r  f o r c e  moves t o  t h e  l e f t  from s t a t i o n  x t o  

i i i f i n i t y ,  -&I- sec a v a r i e s  from C t o  w c s c  a and de- 
rV ' . .  

f i n e s  t h e  r e g i o n  i n  f i p r e  L2 i n  which t h e  'oendi:ig s t r e s s e s  
a r e  shown a s  n e g a t i v e .  The pare-bend. ing c o n d i t i o n ,  f o r  
which t h e  e f i ' e c t i v e  s h e e r  trl i s  eoua l  t o  z e r o ,  is ob- 
t a i n e d  by p l a c i n g  t h e  r e s u l t c u t  s h e a r  f o r c e  V a t  t h e  apex 

I 
o f  t h e  cone ;  t h a t  is, --..-.- &I 5 L C  CI. = Am. 

r V '  

5. D o n a e l l ,  L. €I. : S t a b i l i t y  o f  Thin-YaZled Tubes under  . ~ 

T o r s i o n .  ae-p. No. 4 7 9 ,  XACA, 1533. 

6. L u n d q v i s t ,  Eizqene E .  : S t r e n g t h  T e s t s  09 Thin-WaIled 
Duraluiiiin Cy l i i 7de r s  i i i  P u r e  Beudixig. T.X. No. 4 7 9 ,  
XACA, '19S3, 
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Figure 7 - Sketch of cone and resultant shear force. 
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Figure 6. - Plot of fc/E against r/f for truncated cones in 

compression. ( Data for circular cylinders obtained 
from rderence 3.) 
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Figure 10.- Truncated cone subjected to combined t rans-  
verse shear and bending. 
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,/1 

Figure I I .  - Part element of a cone, show- 
ing longitudinal stresses due to 
sheor and bending. 
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